A new limit is presented on the axionlike monopole-dipole coupling in a range 10 −4 − 1 cm. The gradient of spin-dependent nucleon-nucleon potential between 3 He nucleus and nucleons of the walls of the cell containing 3 He should affect the spin relaxation rate. The limit is obtained from existing data on the relaxation rate of spin-polarized 3 He. : 14.80.Mz; 12.20.Fv; 29.90.+r; 33.25.+k Keywords: Axion; Long-range interactions; Polarized 3 He
There are theoretical indications that there may exist light, scalar or pseudoscalar, weakly interacting bosons. Generally the masses and the coupling of these particles to nucleons, leptons, and photons is not predicted by the proposed models. The pseudoscalar particle -axion [1] may have a priori mass in a very large range, namely 10 −12 eV < m a < 10 6 eV . The main part of this mass range from both -the low and high mass boundaries -was excluded in result of numerous experiments and constraints based on astrophysical considerations [2] . Astrophysical bounds are based on some assumptions concerning the axion flux produced in stellar plasma. Axion is one of the best candidates for the cold dark matter of the Universe [3] . Some recent reviews are [4] .
Recently the PVLAS collaboration has reported a rotation of the polarization plane of a linearly polarized laser beam, propagating through a magnetic field [5] . This observation could be explained by existence of a light spin zero boson with a coupling to two photons. This boson can not be a standard axion [1] , for which a relation exists that determines the coupling constants and particle mass. The PVLAS result 1 meV < m a < 1.5 meV, g a = (1.7 − 5) × 10 −6 GeV −1 , where g a is the axion-photon coupling constant, is in conflict with experimentally constrained region of constants, the previous experiment of the CAST collaboration [6] , and the astrophysical bounds. Several attempts to resolve conflict were recently published [7] .
Axions mediate a P-and T-reversal violating monopole-dipole interaction potential between spin and matter (polarized and unpolarized nucleons) [8] :
where g s and g p are dimensionless coupling constants of the scalar and pseudoscalar vertices (unpolarized and polarized particles), m n the nucleon mass at the polarized vertex, σ is the nucleon spin, r is the distance between the nucleons, λ is the range of the force (λ =h/(m a c), m a -the axion mass), and n = r/r is the unitary vector.
The potential between the layer of substance and the nucleon separated by the distance x from the surface is:
where N is the nucleon density in the layer, d is the layer's thickness. The "+" and "-" depends on the nucleon spin projection on x-axis (the surface normal).
The limit on such short-range interaction was established in Stern-Gerlach type experiment in which ultracold neutrons transmitted through a slit between a horizontal mirror and absorber [9] .
It is shown here that constraints on this type interaction may be obtained from existing experimental data on spin relaxation of polarized 3 He. Two opposite walls of the cell filled with polarized 3 He produce gradient of spin dependent potential:
where 2a is the distance between the walls (center of the cell is at x = 0). The action of this gradient of spin-dependent potential on spin relaxation of polarized 3 He is equivalent to the action of gradient of magnetic field on magnetic moment.
The rate of spin relaxation of 3 He polarized along z-axis in the gradient of magnetic field is [10] 1
where < u 2 > is the mean squared velocity of 3 He atoms in a gas, ω 0 is the Larmor precession frequency in a magnetic field H z , τ c is the time between collisions of the 3 He atoms. When spin relaxation is caused by the gradient of spin-dependent potential ∇V this expression looks like
It follows from Eq. (3-5) after integration over width of the cell, and when ω 0 τ c ≪ 1:
where
Taking < u 2 >= 3kT /m3 He = 2.35 × 10 10 (cm/s) 2 , τ c = 3 × 10 −10 s [11] , ω 0 = 10 5 s −1 , (H z = 10G, the gyromagnetic ratio γ3 He = 1.62 kHz/G), N = 3 × 10 24 cm −3 , the thickness of the glass walls of the cells d = 0.2 cm, a = 2.5 cm, we get
For obtaining constraints for monopole-dipole coupling we consider here the results of two recent measurements of the 3 He spin relaxation [12, 13] . The 3 He cell "1" [12] has dimensions: diam. 4 × 5 cm, the pressure 0.85 atm. and spin relaxation time T exp 1 = 840 h. The cell "j1" [13] has dimensions: diam. 5 × 5 cm, the pressure 0.97 atm. and spin relaxation time T The experimental spin relaxation time is determined by contributions from several sources:
where T dip−dip is the dipole-dipole relaxation time, T wall is due to 3 He spin relaxation on the walls of the cell, T inhom is due to the magnetic field inhomogeneities, T unknown may be determined by unknown factors.
It was shown [11] that magnetic-dipole interaction between 3 He nuclear spins in the 3 He gas limits the relaxation time to 807/P h, where P is the pressure in bar, for a temperature 296 K. The appropriate dipole-dipole relaxation rate has been subtracted from these data. Not much is known about the nature of 3 He wall relaxation, despite decades of research. Authors [12, 13] attribute the difference from dipole-dipole relaxation to wall relaxation. For the cell "j1" [13] it was known that the relative inhomogeneity of magnetic field ∂dHx/∂dx Hz was about 10 −4 cm −1 . This value was taken into account in obtaining the constraint, unknown value of wall relaxation rate being attributed to the effect of the monopole-dipole potential. For the cells [12] the magnetic field inhomogeneity was not reported. The limits obtained from both data are close.
The result is shown in Figure together with constraints obtained in [9, 14] . It is evident that it is rather conservative constraint in view of the wall relaxation determining the main part of the remaining relaxation rate.
This constraint can me improved in dedicated experiments with polarized 3 He with better understanding and decrease of wall relaxation, increasing d placing additional matter in vicinity of the cells. Possible decrease of magnetic field H z at the cell may increase sensitivity of the depolarization rate to additional potential.
